INTRODUCTION
Universality is the essential promise of the phone network.
1 But today, as the phone network transitions to new technologies and as consumers increasingly rely on services like broadband access for business, education, civic engagement, and personal communications, many stakeholders have started to debate how exactly the nation will continue to fulfill its commitment to universal service as voice telephony and other communications services evolve. available at http://energycommerce.house.gov/sites/republicans.energycommerce.house.gov/files/analys is/CommActUpdate/20140822White%20Paper-USF.pdf ("The principle of universal service has long been at the heart of federal and state telephone policy.").
The public switched telephone network (PSTN) embodies the principle that everyone in the United States should have access to basic communications services. 3 This principle of universal service is one of five fundamental values that guide our national communications policy, along with interconnection and competition, consumer protection, network reliability, and public safety. 4 The structural protections built around our phone network impact everything from businesses' decisions about where to build new facilities to the personal communications we all conduct multiple times every day. 5 For decades, people have assumed the network would always just work-because it did. 6 This was not just a happy accident. Reliability requirements ensured phone lines would stay up during a power outage through backup power and generators that provided power through the copper line. 7 Interconnection and nondiscrimination policies meant that any person with phone service could call any other person with a phone, regardless of which carriers the two subscribed to and where they each lived. 8 Consumer protections prevented fraudulent charges or service changes and protected consumers' privacy on what is still one of the most trusted methods of communication today.
9 And in the rare cases where any of these protections fail, we have government authorities that can step in quickly to restore service and provide redress to deter future problems. 10 But especially in communications law, our concept of what constitutes "basic service" evolves as technology evolves. For example, in the Telecommunications Act of 1996, 11 Congress expanded our conception of universal service to include advanced services as well as traditional phone services, and set in place certain policies aimed at giving everyone access to advanced services, like Internet access service, at just and reasonable rates. 12 Today, one recent survey found that 89% of people think phone service is very or some- what important for the typical household, and 78% said the same for broadband service. 13 This strongly indicates that, while universal voice service must remain a high priority, Internet access is increasingly seen as a necessity, not a luxury.
14 As FCC Commissioner Mignon Clyburn has put it:
I have been in the regulatory space for over 16 years, and have never been more confident about any statement than the one I am about to make: Broadband is the greatest equalizer of our time. . . . In addition to the societal benefits, broadband has become is a necessity for an education, employment, improved healthcare, civic engagement and communication. 15 As broadband access becomes increasingly popular and increasingly necessary for daily life, is voice service still the quintessential "basic service," or do we now include broadband service in the same category? Once we have decided what the "basic service" is, how do we know the extent to which we have achieved universal service? By what metrics do we measure interconnected voice or broadband service? This paper will review the history of universal service values in the phone network, and will examine how those values were achieved through specific tools (including interconnection, cross-subsidies, and COLR obligations, among others). An understanding of how universal service was "operationalized" will help us understand how it can be achieved with the new networks and new technologies being tested and deployed today.
Universal basic service is a cornerstone of United States communications policy. 16 It is essential for personal, business, and emergency communications for people across the country. 17 But without fully understanding what our universal service goals are and how we will know whether we are achieving them, we will have no way to measure the efficacy of any regulatory or deregulatory regime. This paper therefore examines what "basic service" means today, for both voice and broadband, how we can measure that service, and how policymakers may achieve universal access and adoption. regardless of the material or technology used to transport the communications. 26 This principle also entails a number of policies and rules designed to ensure the United States continues its goal of providing service to all Americans, including through carriers of last resort and rural build-out. Achieving service for all Americans also requires policies that ensure technology is deployed and is made truly accessible to traditionally marginalized communities in order to bring the social benefits of new technologies to those communities. This should include more than traditional anti-redlining rules.
Currently, the FCC's Connect2Compete program 27 and merger conditions requiring Comcast to make affordable broadband available to low-income users 28 are two examples of relatively recent efforts to promote adoption. While not perfect by any means, 29 these efforts do at least represent a recognition that the public interest for the 21 st Century goes beyond traditional concepts of deployment.
30
It remains to be seen how the United States will continue to pursue the goal of 100% basic service for all Americans-regardless of location, income, or disability-as carriers stop maintaining their older, TDM-based facilities. 31 Similarly, state carrier of last resort policies must be able to continue ensuring that all users are able to purchase reliable voice service under nondiscriminatory terms. 32 These policies traditionally applied to all relevant carriers operating in some way on the traditional PSTN. 33 Neither the make-up of the physical plant nor the protocols used to transport data on the network diminish consumers' need for basic service-if anything, advances and new efficiencies in 26 See, e.g., Eduardo Porter, Measuring the Benefits of Tech Tools, N.Y. TIMES, Apr. 30, 2013, at B1, B5. 27 See Tim Devaney, FCC Initiates Plan to Make Broadband Available to Low-Income Families, WASH. TIMES (Nov. 9, 2011), www.washingtontimes.com/news/2011/nov/9/fccinitiates-plan-to-make-broadband-available-to-/. 28 In 30 See, e.g., Sam Gustin, Is Broadband Internet Access a Public Utility?, TIME (Jan. 9, 2013), http://business.time.com/2013/01/09/is-broadband-internet-access-a-public-utility/. 31 See Sean Buckley, AT&T, Verizon execs cite 'chilling' effect of murky TDM-to-IP transition regs, FIERCETELECOM (Oct. 9, 2013), http://www.fiercetelecom.com/story/attverizon-execs-cite-chilling-effect-murky-tdm-ip-transition-regs/2013-10-09 (stating that the FCC has set a 2017 goal for complete TDM shutdown and IP integration). 32 See, e.g., Cecilia Kang, Landline Rules Frustrate Telecoms, WASH. POST (Apr. 12, 2012), http://www.washingtonpost.com/business/economy/landline-rules-frustratetelecoms/2012/04/12/gIQAG2XvDT_story.html. 33 See id.
technologies may justify raising the standard for what is considered basic service.
34
Of course, in achieving this goal the FCC's current refusal to classify VoIP service will eventually hit center stage. 35 The FCC has in the past relied upon its ancillary authority under Title I of the Act to create universal service contribution obligations for interconnected VoIP providers, 36 but has not made VoIP services eligible for funding for universal service. 37 Although the FCC applied contribution obligations on interconnected VoIP providers for calls that did not actually touch the PSTN, it based its decision on the fact that interconnected VoIP services in general still offer the capability of reaching the PSTN.
38 This logic will become increasingly untenable as the PSTN moves to a system that looks more like interconnected ment…." 41 These requirements included "requiring interconnected VoIP providers to contribute to the Interstate Telecommunications Relay Services fund and to offer 7-1-1 abbreviated dialing for relay services."
42 "But for these obligations to function, there must at some point be an actual Title II telecommunications service upon which to base ancillary authority. In considering this issue, the [FCC] must be mindful of the continued needs for disability access services and rules in the post-transition PSTN." 43 One of the most important goals of communications policy in the United States is reaching universal service for all Americans across the country. The transition of the PSTN is an opportunity to expand and improve the communications service that all Americans receive, and the Commission must determine how it can continue to serve its statutory mandate as the traditional make-up of the PSTN changes.
UNIVERSAL SERVICE AND EVOLVING TECHNOLOGY
As we look to what values should guide the transitions, we should carefully consider what values guided us on the old network. We should consider these not merely because they have shaped our national expectation on how our communications networks should work, but because of the incredible success of the network that was built on these principles.
For decades now, the PSTN's penetration rate into more than 90% of United States homes and businesses made it one of the national "systems of record" for enabling communications across the nation. 45 Indeed, the new networks that have evolved, the Internet and the cell phone network, emerged out of the old communications network thanks to a series of policy decisions that made the 41 This history has built a series of networks that lie at the heart of the United States' economy and culture. 48 An examination of what policies created such success in the traditional phone network will help inform what policies we need to implement as the network transitions to its next iteration.
THE HISTORY OF UNIVERSAL SERVICE
Many trace the first prominent use of the term "universal service" in the United States back to a 1908 AT&T advertisement, 49 but the concept of universal communications service appeared much earlier than that, from the construction of postal roads that pre-date the United States Constitution 50 to proposals for the Uniform Penny Post in the United Kingdom in the 1830s.
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In the beginning of the 20 th Century, policymakers had to confront a series of policy questions that would shape the development of our national communications infrastructure for decades to come. 52 AT&T had built out its network, but had also attained dominance in both local and long-distance telephone services. 53 However, competing carriers found it difficult to offer customers competing voice services that let them connect with anyone else with a phone, be- 47 See Oxman, supra note 46, at 6 (stating that the Commission maintained universal access to the telecommunications network which the Internet relies on to operate, while simultaneously ensuring the unregulated development of the Internet). 48 See id. at 15. 49 Milestones in AT&T History, AT&T, http://www.thocp.net/companies/att/att_company.htm (last Mar. 13, 2015) . At the time, the use of "universal" service was intended to counter the concept of introducing competition in the marketplace, but the company's arguments were nevertheless based on the observation: cause AT&T employed the strategy of refusing to let independent local network interconnect with AT&T's long-distance network. 54 Without being able to complete calls to AT&T's customers, independent carriers were at a disadvantage, towns where AT&T had not deployed its network were left without a bridge to the rest of the world, and AT&T gained a monopolistic position in the market. 55 This pattern culminated in a 1913 antitrust lawsuit filed by the United States against AT&T. 56 Perhaps guided by Congress' simultaneous consideration of nationalizing the long-distance telephone network, AT&T decided to settle the lawsuit with an agreement known as the Kingsbury Commitment. 57 As part of that settlement, AT&T agreed to let independent local telephone carriers interconnect with AT&T's long-distance network, in addition to divesting Western Union and not purchasing other companies against the objections of the Interstate Commerce Commission.
58
The Kingsbury Commitment was by no means a comprehensive universal service policy, but it did use interconnection as a key tool in enabling competition and network build-out. 59 AT&T could still impose an access charge on independent carriers, and AT&T would not interconnect its local exchange with independent carriers' local exchanges, but the agreement was nonetheless a historic step forward in developing national communications policy. 60 Subsequently, federal law would recognize the importance of interconnection by broadly requiring telecommunications carriers to interconnect with one another, 61 the envy of the world. 63 And now, as the network continues to develop, smart policymaking will continue to seize opportunities to expand and improve service without leaving anyone behind.
THE FIRST MAJOR TRANSITION: FROM NATURAL MONOPOLY TO COMPETITION
Even after the Kingsbury Commitment opened the market to independent network build-out and competition, Congress continued to develop rules to protect the people relying on the network and encourage a robust marketplace. 64 As the telecommunications marketplace evolved to include competing carriers, policymakers used that developing competition to encourage build-out to underserved areas while also placing competitive pressure on incumbents in areas that already had service.
In the early years of our telecommunications networks, we served core network values like reliability and universal service through a "natural monopoly" system. 65 Each local area was served by a telecommunications carrier with a local monopoly-often through AT&T or "Ma Bell." 66 The national system cross-subsidized local service through long-distance charges and sometimes through a regulated rate-of-return. 67 As technology has developed since the Kingsbury Commitment and the Communications Act of 1934, policymakers have shifted from policies designed to support and seek benefits from a monopoly-based system to one that promotes the benefits of competition wherever possible, complemented with policies that ensure we achieve basic values like universal service even where competition fails. 68 After some time in the AT&T monopoly, companies like MCI were able to enter the long-distance market to offer better rates and innovative new services for users. 69 Later on, wireless carriers were able to use cellular technologies to offer consumers mobility in basic voice service and com- 63 Kennard, supra note 44. 64 pete-albeit imperfectly-with traditional local phone service. 70 Later, a series of policy actions including the break-up of the AT&T and Bell monopoly in 1984, and the introduction of the spectrum auction in 1993 71 confirmed competition as a fundamental principle in the nation's communications industry.
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But throughout this paradigm shift from monopoly to competition, policymakers ensured that changes in the network did not undermine the other core network values: universal service, consumer protection, reliability, and public safety. 73 For universal service, this also involved the implementation of new policies and programs, like the Universal Service Fund, programs to bring service to rural areas, low-income communities, and anchor institutions. 74 In other cases, old tools found new uses. The interconnection rules that had initially served as universal service tools to help independent carriers and towns connect to the national network have since proved to be among the most important competition tools used by policymakers today. 75 With carriers required to allow users to connect any non-harmful devices of their choosing to the network, consumers had access to competitive choice in telephone equipment in addition to new technologies like fax machines and answering machines.
76 Similarly, rules that allowed "electronic publishers" and other "enhanced service providers" to interconnect with the telephone network set the stage for a new universe of services that rode on top of the phone network, like security systems, medical alerts, and voicemail. 77 And of course, these rules ultimately led to the creation of the dial-up modem-running on the traditional phone networkand some of the earliest work on the Internet. 78 All of these developments were 70 See id. at 576 ("In business and residential markets, the Bells are also facing increased competition from cellular carriers."). 71 For decades, the FCC avoided many of these hard questions, instead using ad hoc decisions to create a patchwork of policies with no real guiding framework or consistent principles.
81 Unsurprisingly, the result has been an inconsistent hodge-podge that risks segregating the most powerful and critical policies to traditional voice service offered over the "copper safety net."
82 Even now that the FCC has reclassified broadband Internet access service as a Title II telecommunications service, 83 there remain many questions, both about the classification of services like interconnected VoIP and text messaging services and about exactly how the core network values should be applied to each of these services.
For voice service in particular, the effectively unclassified status of interconnected VoIP continues to cast uncertainty over the policy discussions about the future of the voice network. In 2004, Vonage asked the FCC to classify interconnected VoIP as a Title I information service, and thereby pre-empt the Minnesota Public Utilities Commission ("PUC") from applying telephone service rules to Vonage's interconnected VoIP service. 84 The FCC did preempt the Minnesota PUC's order, but it did not classify interconnected VoIP as either a telecommunications service or an information service. 85 However, in a separate 79 See Werbach, supra note 1, at 275 (explaining that customers are switching from incumbent wireline providers to wireless phones and VoIP). 80 proceeding, the FCC also affirmed that AT&T's traditional copper-based network would still be treated as a traditional phone service in some ways even when it used IP in the middle of the network. 86 But on the whole, interconnected or non-nomadic VoIP still remains largely unclassified for regulatory purposes. 87 The FCC, however, has applied some rules to interconnected VoIP providers in various proceedings, using the Commission's ancillary authority or authority under section 706. 88 Neither of these sources of authority, however, provide the same level of certainty that Title II would offer. Ancillary authority must, after all, be ancillary to something, and it is not clear how a theory of ancillary authority could stand in a world where the network has been entirely transitioned to new technologies. 89 And section 706, while providing strong authority for the Commission in some respects, is limited by the "common carrier prohibition"-in other words, the Commission may only treat a provider as a common carrier if it classifies that provider as a telecommunications carrier. 90 Therefore, while these obstacles are not a problem for services that are already classified as Title II telecommunications services, like traditional POTS service and broadband Internet access service, the FCC's legal authority will continue to 86 be a practical barrier to implementing a consistent policy framework on services that have not been classified.
In the Matter of Petition for Declaratory Ruling that AT&T's Phone-to-

WHAT IS THE BASIC SERVICE?
Before anyone can study or choose amongst the different approaches for achieving universal service, we have to first determine what the universal "basic service" is. Although basic voice service is still near-universally subscribed to and relied upon for many users' most important communications, 91 there is emerging agreement around the notion that broadband access should also be considered a "basic service" that is similarly necessary for personal, business, and emergency communications.
INTERCONNECTED VOICE SERVICE
Even as new technologies develop and attract more users, voice service, as coordinated by the North American Numbering Plan, continues to be a basic service for networks users across the country. 93 Whether looking at the activities voice service supports or rates of adoption among users, it is clear that almost everyone in the country relies on voice service for critical functions.
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Basic voice service remains an important foundation of communications in the United States. People still need voice service to contact 911, 95 call their loved ones, and conduct business. 96 Even as new technologies arise, basic interconnected voice service continues to be the backstop that people across the country rely on.
97 Online e-mail forms and chat forums for customer service have become very popular, but when customers want to talk directly to another person, they turn to the company's phone line. 98 Similarly Access to basic phone service is also presupposed throughout federal law and regulation. 100 Many of the federal and state governments' social support programs depend on phone access to disburse information and collect complaints. 101 In all of the following ways, the functioning of many nontelecommunications laws and policies depends on universal and reliable access to communications networks: Even beyond the types of uses made by the public using basic voice service, interconnected voice service remains a basic service by virtue of the sheer number of people who continue to rely on it.
102 By June 2013, there were 441 million retail phone service connections in the United States, of which 90 million were end-user switched access lines and 45 million were interconnected VoIP lines. 103 Even only looking at residential wireline phone service, the United States still has one such active line for every four people in the country. 104 In addition, the Federal Communications Commission continues to require all Universal Service Fund recipients to offer basic voice service. 105 Basic voice service can to some extent be delivered using various technologies and infrastructure, but new technologies may vary in some aspects from the traditional TDM-based voice service delivered over copper infrastructure. 106 In terms of consumer perception, it is unclear whether users who switch from traditional TDM-based copper phone service to a wireline interconnected VoIP service are made fully aware of all of the differences between copper, cable, and fiber infrastructure. 107 For example, one of the most prominent distinguishing characteristics of copper-based service is copper's ability to receive power through the line-an especially useful feature during commercial power outages. 108 However, after some recent outages, reports surfaced of customers remarking on how they were surprised by the fact that their cable or fiber service COMPETITION was not also self-powered and went down during the power outage, leaving them unable to make emergency calls. 109 In contrast, many of the customers who have chosen to continue to use copper-based phone service-either instead of or in addition to a wireless phoneseem very cognizant of the benefits of traditional copper service. 110 One recent survey found that nearly half of respondents had both wireline and wireless phone service. 111 Of those consumers, 65% reported that they mostly use their landline phone to make calls when they are home.
112 Among those with household incomes under $25,000, 72% of respondents with both landline and mobile phones mostly use their landline phone when at home.
113 Among respondents with both landline and mobile phones, 82% of respondents reported that they keep their landline because of its reliability, 73% appreciated the connection quality of the landline as compared to the wireless phone, and 45% kept a landline because it would stay up during an electrical outage. 114 Additionally, in several areas across the country, many of those customers have spoken out when they felt their phone company was not adequately maintaining the copper line 115 or was trying to force customers onto a new service.
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These customer complaints also have the effect of complicating any cause-andeffect analysis of the reported movement from copper and switched access lines to interconnect VoIP or other infrastructure. 117 If it is the case that at least some carriers are failing to maintain their copper service or carriers' customer service representatives incorrectly telling customers they must switch to new 109 Surprise! Your high-tech home phone system could go dead in an emergency, CON-SUMERREPORTS.ORG (Jan. 2012), http://www.consumerreports.org/cro/2012/01/surpriseyour-high-tech-home-phone-system-could-go-dead-in-an-emergency/index.htm#. 110 The most recent survey results indicate approximately 83 million of the 90 million active switched access lines still use copper local loops to deliver service. FED. COMMC'NS COMM'N, supra note 102, at 9.
111 HORRIGAN, supra note 13. 112 Id. 113 Id. 114 Id. On the point of self-powered phone service, landline phone service offered over cable or wireline VoIP technologies would not be powered through the line that way traditional copper-based phone service is. As a result, some landline phone customers may not report preferring their landline because it is self-powered because their particular line is not, in fact, self-powered. 115 technologies, it becomes much more difficult to discern whether customer migrations occur because customers freely choose a different technology over a properly-maintained basic voice service, or because carriers' failure to fulfill their legal obligations as telecommunications services make newer technologies more attractive in comparison. 118 Parsing the causes and effects in this area will likely continue to be difficult, if not impossible, until relevant state and federal authorities have at least investigated pending complaints.
BROADBAND ACCESS SERVICE
The idea that broadband access service itself has now become a "basic service," that is properly included in universal service policies, is gaining increasing traction among many stakeholders. 120 Broadband is only becoming more and more necessary for day-to-day personal, educational, and occupational activities.
121 Additionally, some of the government's existing policies promoting universal communications service have already been updated to include broadband access.
122 For example, the FCC's recent update of its Universal Service Fund disbursements requires eligible telecommunications carriers (ETCs) to offer broadband in their supported service areas.
123
Broadband is increasingly necessary for personal communications, economic advancement, and civic engagement for people across cultural and socioeconomic divides.
124 Certain VoIP and video chat services use broadband connections to help people communicate with loved ones, which is especially useful 118 See Letter from Jodie Griffin, supra note 115 (demonstrating that many companies have been permitting their copper wires to fall in disrepair in order to force transfer to different technologies); see also PUB. KNOWLEDGE, supra note 116 (further demonstrating that individuals are being forced to transfer to different technologies whether or not that is their desire). 119 See PUB. KNOWLEDGE, supra note 116, at 6 (demonstrating the importance of the relationship between consumers and state and federal governments). 120 for those living long distances away from each other or overseas. 125 Educational resources, like distance or online education initiatives, can require capacity for documents, graphics, and videos in addition to the capability to deliver two-way communications for live chats between students and teachers.
126 Advances in telemedicine are constantly improving patients' access to health care even when they are not close to a doctor or hospital.
127 Remote health monitoring can be especially important for older populations planning to age-inplace. 128 More and more, people need a broadband connection to do their homework, submit college applications, apply for jobs, access nutritional information, and keep informed about current events in a diverse media marketplace.
Probably due in no small part to broadband service's increasing importance, the number of Internet access connections continues to increase.
129 Between December 2012 and December 2013, the number of fixed connections with download speeds at or above 3 Mbps and upload speeds at or above 768 kbps increased 21% to 78 million connections. 130 The number of wireless connections at those same speeds increased 116% to 93 million connections in the same time period.
131 However, the severely limited data caps that often come along with wireless data connections make it difficult to assume consumers can rely solely on wireless connections for all of the important broadband uses discussed above. (stating that data limits have not changed in over three years, yet an increasing demand for higher data usage in applications such as educational programs where users have to "track each megabyte uploaded and downloaded during the course of a lesson," or in workplace environments where users worry about "hitting caps or punitive overage fees").
But the progress in broadband adoption has not been without its wrinkles.
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Even as broadband adoption increases, the pace of broadband adoption has slowed substantially over the past few years. 134 The
135
Increases in broadband adoption are also not uniform between all demographic groups, citing that "demographic factors most correlated with home broadband adoption continue to be educational attainment, age, and household income."
136 Although the Pew Research Center found that 70% of American adults reported that they had a wireline broadband connection, 137 that number fell to 64% among black respondents and 53% among Hispanic respondents. 138 Only 43% of respondents 65 years and older had an Internet connection, and only 54% of those with household incomes under $30,000 per year were connected. 139 Educational levels also have a substantial impact on broadband adoption: only 37% of adults without a high school diploma have Internet access at home, and only 57% of those with a high school diploma but no college education are connected. 140 Finally, rural respondents were significantly less likely to have broadband access at home, at 62%, compared to 73% of suburban respondents.
141
Broadband Internet access has now become so crucial to the basic economic, civic, and personal lives of users across the country, 142 policymakers should now ensure the tools they use to achieve universal communications service are also geared toward achieving universal broadband access. 133 See id. at 49-50 (stating that there is a correlation between affordability and adoption, and that "one-third of Americans without broadband cite affordability as a barrier to adoption") 134 http://broadband.about.com/od/barrierstoadoption/a/Why-Is-IncreasingBroadband-Adoption-So-Important-To-Society.htm (last visited Mar. 14, 2015) (stating that broadband provides educational, civic, and safety advances in modern society).
METRICS
Once policymakers have agreed upon certain basic services that should be meaningfully accessible by everyone, there remains the question of how to define and measure those services. What are the metrics by which we will evaluate whether a providers' service actually meets the standards for basic service? How will technology transitions impact basic communications services like voice and Internet access under those metrics? Do these transitions bring opportunities to increase our standards for quality of service? Will the transitions create new challenges in achieving a particular level of quality of service?
After all, just because a technology is newer does not mean it is better in all respects. While a new network technology may bring some advantages like lower deployment costs, 143 that technology is not a true step forward for everyone if it also abandons technologies that have not yet fully matured, leaving for the possibility that the new technology may fail. 144 As part of these transitions, therefore, policymakers and stakeholders must more fully understand where new technologies may improve service for consumers and where those technologies must still be improved before we can rely upon them for our communications safety net. 145 This issue arises regardless of the tools being used to achieve universal service because "broadband services in the market today vary along several important dimensions."
146 Qualifications for USF recipients, service obligations under COLR rules, and standards for network change proceedings under Section 214 will all necessarily rely on an understanding of how we measure adequate basic service in order to satisfy public interest obligations.
147
Service metrics are also necessary regardless of the specific type of service at issue as policymakers have now found the extent to which consumers use 143 Ellis Davidson, The Advantages of New Technology for Businesses, CHRON, http://smallbusiness.chron.com/advantages-new-technology-businesses-4047.html (last visited Mar. 14, 2015) (stating that while "new technologies can be both a major source of expenses for your business," they can also be a "method of eradicating your biggest costs"). 144 Id. broadband in terms of download and upload speed. 148 Indeed, many metrics evaluating the technical parameters and practical efficacy of a service can apply to both voice and Internet access service as voice services now use broadband networks. 149 Analogous to voice grade access during the 1990s, we have had the goal of universal communications service, now looking at expanding Internet services through broadband and using some similar forms of metrics to measure that service. 150 For example, the U.S. Postal Service must provide universal mail service, as measured by geographic scope, a suitable range of products, access, delivery services, fair and reasonable rates, quality of service, and user protections. 151 In telecommunications, the metrics that best measure performance of voice and broadband services may differ slightly, as video demand has become part of the "basic service" expected of broadband, 152 but whatever the "basic service" is, policymakers must have some way to measure whether consumers are actually receiving that basic service.
Nor is it without precedent for policymakers to establish standards or metrics for measuring service in the telecommunications field as the Commission has considered voice essential since the 1990s. 153 These standards are not necessarily focused on the specific technologies used to deliver a service, but rather delineate aspects of the service itself. 154 In this sense, one could set out a series of metrics for evaluating basic voice service regardless of whether a carrier uses IP or TDM-based technology to deliver that service. For example, the FCC has adopted a technology-neutral approach for USF recipients. 155 The FCC requires USF recipients deliver:
[V]oice grade access to the public switched network or its functional equivalent; minutes of use for local service provided at no additional charge to end users; toll limitation to qualifying low-income consumers; and access to the emergency services 911 148 Id. at para. 93 (stating that the Commission had found that the ability of a user to download content from the Internet at 4 Mbps and to upload content at 1 Mbps over a broadband network was a reasonable benchmark). 149 See id. at para. 77. 150 Id. at para. 76 (stating that in 1997, the Commission looked to voice grade access to low income customers; however, as times have changed since that point, the Commission has since looked to simplifying those supported services). 151 Similarly, for example, one can use many of these same standards for broadband access, such implementing a rate ceiling, 157 whether it is delivered over cable, fiber, or other physical infrastructure, and also include some more broadband-specific metrics where voice and Internet access service differ. Many of the metrics for basic voice service apply to broadband access as well, for example, where a "rate ceiling component charge" would allow a flat rate for residential local service that would provide for flat rate affordable charges so that consumers can still get access to basic service, such as emergency 911 access.
158 Just as policymakers must investigate network capacity, service quality, interoperability, accessibility, system availability, public safety, security, coverage, and affordability to understand to what extent we have achieved universal voice service, 159 policymakers would need to use those metrics to evaluate the nation's progress on broadband deployment and availability as well, "which cannot be lost due to technology changes." 160 In its USF/ICC Transformation Order, the FCC set out three basic metrics for measuring broadband services: actual speed, latency, and capacity (as measured by usage limits).
161
Meeting minimum requirements on these metrics is crucial to ensuring users have meaningful access to broadband connections that can support key economic, educational, and personal activities.
NETWORK CAPACITY
To understand whether the network providing voice service is adequate, policymakers must know how much traffic that network can handle, which would "identify the system's real-world 'breaking point. '" 162 By quantifying a network's "breaking point," network capacity stress tests reveal the limits of the network and help providers and policymakers ensure service will continue to function during periods of high call volume, like holidays and large-scale emergencies. Network capacity should be measured in the access network, switching, aggregation system, and connections between wire centers to understand strong and weak points in the network during heavy usage. 164 While the current PSTN has shown high level of availability given that there is sufficient capacity even when the network is at its peak, policymakers should look to confirm that even during these times of peak usage, calls are still routed to the correct locations, calls are completed, call quality does not deteriorate, and call setup does not show noticeable latency. 165 To do this, stress tests can collect data on the loss or delay of voice packets or jitter in voice calls, call setup time, and call answer delay.
SERVICE QUALITY AND SPEED
It is also clear that any guarantee of adequate basic service must have some way to ensure adequate service quality to reliably conduct a conversation or transmit data. 167 For voice service, service quality is especially important for those with hearing loss or other disabilities that make users particularly vulnerable to losses in call quality.
CALL QUALITY
Metrics on call quality can include both quantitative and qualitative measurements. 169 Qualitative data can include tools like the Delivered Audio Quality (DAQ) score, which helps quantify the qualitative judgments of reviewers.
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On the quantitative side, call quality can be measured by frequency response, signal levels, and distortion, with any audible problem leading to a failing score.
171
Quality testing, especially before migrating customers to new services, is nothing new. 172 The FCC maintains initial and ongoing performance testing requirements for cable television providers, 173 and some states required testing 164 Id. 175 Here, the main question for universal service policies is how to maintain an evolving standard for broadband speeds to adequately meet the demands of new network uses.
The FCC has recently updated its standards both for USF recipients' delivered speeds and for its definition of broadband service. 176 In December 2014, the FCC decided that USF recipients must offer actual delivered speeds (as opposed to advertised speeds) of at least 10 Mbps for downloads and 1 Mbps for uploads. 177 Even more recently, the FCC has updated its broadband speed threshold past to 25 Mbps/3 Mbps for purposes of its Broadband Progress Report. 178 However, FCC estimates indicate that 1 out of every 6 people in the U.S. lack any access at all to a fixed 25 Mbps or higher connection. 179 In rural areas, more than 53% of people lack access to a 25 Mbps connection.
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Network users increasingly rely on broadband access to place voice or video calls, stream videos or games, work remotely, and upload and transfer large files through email, cloud storage, or social networks. 181 Broadband access inspires more ideas for more uses of broadband networks, and users' need for greater speeds only continue to increase. 183 The total number of fixed and mobile connections with speeds less than 6 Mbps/1.5 Mbps actually decreased 8.8% between December 2012 and December 2013, from 190.3 million connections to 173.6 million, while connections greater than or equal to 6 Mbps/1.5 Mbps increased 66% from 72.3 million to 119.7 million.
184
The number of connections with downstream speeds of 10 Mbps or greater has increased 104% since December 2012, totaling 122 million connections. 185 In addition to call quality and speed, latency 186 can be a useful measure of the service quality delivered by communications technology. Latency is especially important for real-time communications, including two-way voice and video services. 187 The FCC's broadband measurement test results found that most wireline networks could reliably achieve latency of less than 100 milliseconds.
DEVICE INTEROPERABILITY
Device interoperability has become one of the hallmarks of the traditional phone network-one that also proved an important precedent for the develop- . It is worth noting here that the connection speeds in this report are often the advertised speeds, regardless of the actual delivered speed at any given moment. Id. at n.1. 185 Id. at 4. 186 Latency is a "measure of the time it takes for a packet of data to travel from one point to another in a network," often measured by the milliseconds necessary for a round-trip. ment of wireline Internet access service. 189 One recent survey found that, of the respondents who continue to keep a traditional landline phone service, 26% do so because they need it for a fax machine, 24% need the line to use medical alert services, and 17% use the line for a home security system. 190 Especially given consumers' strong expectations that certain voice and non-voice devices will just work on the phone network, regardless of the network's underlying technology, 191 it is important to verify that devices will continue to function on new networks and make customers whole when devices will no longer work.
USF/ICC Transformation
If existing devices will not operate on new networks, network users across the country would be facing serious consequences and substantial costs.
192
Whether a particular type of device will not work at all on a new network, or customers will need to purchase a new version of the device to continue using the same functionality, the transition would impose significant costs on users and businesses that policymakers should be aware of. 193 For interoperability in voice devices, policymakers can test analog telephone adapters (ATAs) to ensure they can work with voice devices and standard jacks.
194 Policymakers can also determine whether a new technology will impact non-voice devices like fax machines, credit card/point-of-sale terminals, ATMs, voting machines, medical monitoring and alert systems, security alarms, elevator phones, ringdown lines at fire stations, and intercoms for building access, by testing the full range of standard modem protocols. 195 
ACCESSIBILITY
The technology transitions present opportunity to take advantage of new technologies to increase accessibility for network users, in addition to preserving the functionality the network offers now.
196 Individuals with disabilities rely on specialized devices and services like Telecommunications Relay Services (TRS), Telecommunications Devices for the Deaf (TDD), and Text Telephones (TTY) to communicate over the network. 197 189 Interoperability Systems, CISCO, http://www.cisco.com/c/en/us/products/physicalsecurity/interoperability-systems/index.html (last visited Mar. 14, 2015). 190 Both the TTY/TDD system and the TRS system are well-established technologies that allow users to communicate via text over the phone network.
198
Other text-or video-based communications often require a wireless or wireline broadband connection, and therefore are less accessible to users who do not have access to a high-enough quality connection or cannot afford it.
199
Any new network technology should therefore be examined to determine how and whether it will interoperate with TTY/TDD and TRS service. TTY/TDD service in particular relies on analog telephone modem technology, which may make it less reliable during times of heavy network usage. 200 A network transition would therefore require examination of the potential points of failure for the majority of TTY/TDD devices in use (not just those currently for sale), including qualitative and quantitative testing for users' ability to connect, place calls, and send and receive messages.
SYSTEM AVAILABILITY
The traditional phone network was intentionally designed and governed to deliver a high level of availability for customers. 202 The copper lines received power through the central office, helping to ensure operation even during commercial power outages. 203 The network was designed to have enough capacity to connect users even during peak demand. 204 Interconnection ensured customers could reach any other network user, regardless of location or carrier choice.
205
A system availability test could determine whether a new network technolo- 198 Id. at 16. 199 Id. at 15. 200 Id. at 16. 201 Id. 202 See INTERNET SOC'Y, THE INTERNET AND THE PUBLIC TELEPHONE SWITCHED NET-WORK: DISPARITIES, DIFFERENCES, AND DISTINCTIONS 2 (2012), available at http://www.internetsociety.org/sites/default/files/The%20Internet%20and%20the%20Public %20Switched%20Telephone%20Network.pdf (describing the structure of network switching offices that provided the capability of the telecommunications system to host a large amount of users). gy could deliver the same level of availability that the existing network infrastructure did. 206 With IP-based technology, the system's availability can be tested non-intrusively, so tests can poll ATA devices or use another monitoring functionality to document network availability and outage causes. 207 These tests should also note the times of incidents like commercial power outages, storms, Internet outages, or times of high network usage, to better examine possible causes of network downtime.
PUBLIC SAFETY COMMUNICATIONS
One of the most crucial functionalities of the phone network is the ability to call for help during times of emergency.
209 Unsurprisingly, 96% of respondents to one recent survey said that it is important for phones to be able to reach emergency services like 911. 210 Policymakers cannot take for granted that new technologies will always offer the public the same access to 911 service, so new technologies must be tested to ensure calls to 911 reliably go through and public safety answering points can reliably and quickly access callers' locations.
211
Traditional landline phone service gives people reliable access to 911 and public safety answering points (PSAPs), and provides PSAPs with dispatchable location information to help public safety workers find callers even if the caller cannot tell the operator his or her location. 212 But it still remains to be seen how policymakers will ensure new technologies will offer those same public safety guarantees to users. 213 For example, wireless technologies may 206 COLUMBIA TELECOMM. CORP., supra note 162, at 18. 207 Id. at 19. 208 Id. 209 Id. at 20. 210 HORRIGAN, supra note 13, at 10 (finding that 59% of respondents stated that it is important "that their phone have the capability to communicate their location" for purposes like 911 location technologies). 211 See COLUMBIA TELECOMM. CORP., supra note 162, at 20 (listing the variety of test scenarios to which new telecommunications technologies should be subjected to ensure reliable access to emergency services).
212 INTRADO, INC., PSAP OPERATIONS GUIDE FOR WIRELESS 9-1-1 2 (2005), available at http://www.intrado.com/sites/default/files/documents/PSAP_Operations_Guide_for_Wireles s_9-1-1.pdf. 213 See NENA NEXT GENERATION PARTNER PROGRAM, NG9-1-1 TRANSITION POLICY BRIEF 1, 3, available at https://c.ymcdn.com/sites/www.nena.org/resource/collection/B6781C63-012C-4E90-939B-001733976BBC/NG9-1-1_Transition_Policy_Considerations-ALI.pdf ("Policy makers need to . . . effectively promote innovation while ensuring the reasonable 9-1-1 expectations are met" and they should "actively support the development of nationally recognized standards and best practices to ensure effective automatic 9-1-1 location capabilities are put into place for all technologies and services as they go to market").
offer new or greater problems with reliability, coverage, and congestion during large-scale emergencies. 214 Wireless service also does not currently provide PSAPs with the same dispatchable location data as the traditional landline phone network did. 215 Testing for new network technologies should therefore include verifying that users can complete 911 calls and reach the correct PSAP, and that PSAP staff can provide the same level of response to a caller on the new network as on the existing network. 216 
SECURITY
The IP transition has already brought with it VoIP denial-of-service attacks on PSAPs, resulting in large numbers of calls overloading the PSAPs' capacity and obstructing true emergency calls. 217 To protect the network from attacks and preserve functionality for users' legitimate calling needs, policymakers must determine the degree to which a new network is vulnerable to attack, the presence of points of failure, and users' ability to impersonate other users, maliciously disconnect other devices, or generate spoofed calls. 218 Independent experts could review carriers' reports of how they address security issues, and examine whether those efforts comply with industry best practices and with the Cybersecurity Framework developed as part of Executive Order 13636, Improving Critical Infrastructure Cybersecurity. 219 Policymakers could even use "white hat" external tests to determine the level of risk without actually damaging the network. 220 Meanwhile, best practices like using separate "tunnels" for voice communications and system management could help secure the network.
Particularly as voice communications increasingly share infrastructure with the broader Internet, carriers and policymakers will need to be vigilant against cybersecurity risks to ensure basic voice service cannot be hacked to harass or harm network users.
CALL PERSISTENCE
The wireline phone network's reliability led to the common expectation that calls will almost never be "dropped."
222 Indeed, the landline network offered such great reliability it encouraged the development of devices and features that require persistent connectivity to function, like health and security monitoring services. 223 Especially in the early days of commercial mobile phone service, call persistence on the wireline network was one of the distinguishing features between landline and cell phone service. 224 Call persistence in wireless phone service varied enough that it became marketing point between companies, as opposed to a feature of the service that everyone could safely take for granted.
225
To understand how often a network drops calls, policymakers can measure "how long a call persists under a range of circumstances." 226 If there are no call persistence problems, calls should be able to stay connected for one week. 227 Any calls that are dropped can be examined for the root cause and necessary modifications can be made to the network to ensure calls are not dropped.
CALL FUNCTIONALITY
For several basic functions of the phone network, consumers have relied on certain features for so long, it does not even occur to customers that changing to a new technology could compromise their service. 228 For example, people take for granted that their phone connections will always give them the ability to connect to any other phone customer, regardless of which carrier that customer uses. There is no technological reason that basic functionalities like this should fall away during transitions that should by all accounts be an upgrade in technology, nor should we assume that new technologies must necessarily result in closed proprietary systems instead of the open, innovative structures. 230 When, for example, network transitions result in carriers placing greater restrictions on customers' ability to reach other networks, new limitations should raise a red flag for policymakers evaluating the public interest impacts of the transitions. 231 To understand network changes' implications for users, policymakers must test the full range of user functions that currently rely upon the network, including transport of caller-ID information, the ability to reach outside carriers' networks, and making and receiving collect calls and third-party billed calls. 232 
WIRELINE COVERAGE
It is not inconsistent for policymakers to both commit to being technologyneutral and to acknowledge that wireline service currently offers certain features that wireless networks do not. 233 Until wireless technology has developed to the point where it truly offers equal or better service than the wireline network on all fronts, wireline coverage will necessarily be of concern to policymakers.
realm of natural disaster response, customers have complained that carriers are delaying repairs to the copper network or only providing temporary repair solutions. 236 Policymakers could determine levels of wireline service by physically verifying service and confirming that those locations are actually able to receive service.
AFFORDABILITY
Ultimately, a service cannot be universal if people cannot afford to adopt it. Even if service is technically available, service that is priced out of the reach of customers' budgets is not available in any meaningful sense of the word. Universal service means everyone must be realistically able to obtain service, not just wealthy households or neighborhoods. 238 If, for example, a carrier is required to provide service but permitted to charge a very large Contribution in Aid of Construction (CIAC), that can effectively prevent service from reaching hard-to-serve areas.
239
Policymakers therefore must investigate and document pricing trends to be able to determine whether pricing for new technologies is comparable to what customers pay for existing technology. In this respect it is important to watch not just for overall price increases, but for differences in payment structures or functionality that can impact the value customers are receiving for their mon- 237 See COLUMBIA TELECOMM. CORP., supra note 162, at 26-27 (explaining the methodology of the physical verification process). 238 242 and watch for practices that could push customers to purchase more than what they want or need.
It is also possible that new technologies will offer the opportunity for lower retail prices. 243 Carriers have certainly touted the cost savings offered by new technologies, 244 and with sufficient competitive pressure those savings could be passed on to consumers. 245 And as technology further improves, these cost savings may even be paired with improvements in service. 246 Policymakers could use the pricing data discussed above to better understand and seize opportunities to make basic service more affordable for consumers.
The metrics for interconnected voice and broadband service have significant overlap. 247 If policymakers use these metrics to develop a set of standards for "basic" voice and broadband service, stakeholders on all sides will know what to expect during new build-outs and network changes. Carriers will be able to plan their investment knowing what will be expected of them, and end users will know they can depend on a network that will offer at least a certain level of service and support certain features.
TOOLS TO ACHIEVE UNIVERSAL SERVICE
Once policymakers have committed to ensuring universal access to voice and broadband service, and determined the metrics by which to evaluate what the "basic service" is and whether it is actually being delivered, the question still remains of how to actually achieve that goal. The "how" of universal service has been debated by stakeholders and policymakers for over 100 years now, 248 and this paper makes no pretense of solving the puzzle for good, but will instead review the tools, new and old, that policymakers could use to ensure universal deployment of basic voice and broadband service.
Congress already requires the FCC to annually investigate whether "advanced telecommunications capability" is available to all Americans and whether "advanced telecommunications capability is being deployed to all Americans in a reasonable and timely fashion." 249 In the FCC's most recent Notice of Inquiry on broadband deployment pursuant to Section 706, the agency identified several tools already at its disposal to encourage broadband deployment and access, including "price cap regulation, regulatory forbearance, measures that promote competition in the local telecommunications market, or other regulating methods that remove barriers to infrastructure investment." 250 Separately, the FCC is considering whether to preempt certain state laws that restrict local governments' ability to offer broadband service. 251 These and oth-er tools could have tremendous impact on the efforts of the U.S to achieve universal voice service, broadband service, or both.
CARRIER OF LAST RESORT POLICIES
Carrier of last resort (COLR) policies have been a critical component of our national commitment to universal service for decades. 253 Particularly at the state level and for companies receiving support through Universal Service Fund programs, COLR rules have guaranteed that virtually everyone in the country could receive basic voice service upon request. 254 By requiring carriers to serve all requesting customers in their service areas, COLR rules imposed significant constructions costs on carriers (which could be offset by government funding mechanisms or reimbursement by customers in certain circumstances) as a condition of entering the common carrier business of telephony service. 255 This approach proved to be wildly successful and resulted in near universal nationwide voice service. other carriers, which ensures that every phone on the network could call every other phone. 262 COLR policies typically cover retail service quality standards, like dial tone availability, call blocking rates, outage times, customer complaint rates, response time to complaints, and emergency service continuance plans. 263 COLRs may also be required to offer certain consumer protections and other guarantees, like participating in the federal Lifeline program, providing certain disclosures, offering trial periods, providing specified cancellation terms, taking steps to maintain power during blackouts, and allowing even disconnected customers to make 911 calls. 264 As we are now in the midst of the technology transitions, and the questions arise of whether and how COLR policies could be used to serve the same social goals that they have been used for in the development of the traditional phone network. 265 Particularly when paired with other efforts, like voluntary build-out and affordability programs and universal service funding, policymakers may want to consider adopting some of the strategies of COLR to prevent low-income or high-cost areas from being left behind in the transitions.
266
In these policy debates, it should be noted that even robust competition in urban and suburban areas would not entirely eliminate the need for COLR duties. 267 After all, the areas where COLR is most needed are the areas where there is no business case to build out and maintain the networks, so competition will necessarily be lacking. 268 Competition may give users more choice in some areas, but on its own could result in no service for high-cost or lowincome areas. 269 However, even in areas with competitive choices, market forces may not on their own give carriers sufficient incentive to offer customers all of the benefits of COLR policies. Even a competitive telecommunications market may have inadequate transparency, 270 and each individual carrier may have little incentive to serve important but less-frequent needs of particular user groups, like users with disabilities or consumers relying on security devices or heart monitors, support for which could fall by the wayside without policies ensuring their needs continue to be served. 271 The FCC has declined to preempt state obligations, including COLR requirements, in its USF/ICC Transformation Order. 272 Some have suggested that states update traditional doctrines by, for example, assigning relatively large service areas to ETCs, adapting COLR duties to anticipate multi-subscriber properties and competitive overbuilds, differentiating between COLR duties and duties for supported ETCs, giving wireless and broadband subscribers separate ETC designation, and providing universal service support to COLRs. 273 Some have also suggested that states may want to consider applying COLR responsibilities to broadband service providers in addition to voice service providers. 274 The concept of requiring COLRs to provide some level of computer data transmission using a modem is not unprecedented, 275 although the required transmission levels have not met what we would consider adequate broadband service today. 276 The need for policies to ensure ubiquitous and nondiscriminatory broadband access seems to only be growing. 277 Even as the number of broadband connections continues to increase, the demographic disparities between the broadband haves and have-nots continue. 278 The FCC's most recent Internet Access Services Report found that there are only 43 residential fixed broadband connections (defined as a speed of at least 200 kbps in either direction) for every 100 households in the bottom decile of counties, sorted by income. 279 Notably, this signed to carriers? When should they arise or expire for each carrier, and when can an unsuccessful COLR exit the market?
THE UNIVERSAL SERVICE FUND Another approach to achieving universal service-which can be used in conjunction with other universal service policies and projects-is to establish funding mechanisms to defray the costs of building new lines in low-income or high-cost areas. 289 In recognition that basic communications service (traditionally voice) is "crucial to full participation in our society and economy which are increasingly dependent upon the rapid exchange of information," 290 the FCC for some time has collected funds from telecommunication providers and others to sponsor substantial programs through the Universal Service Fund. In recent years the FCC has updated its USF programs to increasingly support broadband deployment and adoption.
296 Spurred in part by recommendations in the National Broadband Plan, the high cost fund, rural health care, and E-rate programs have all been adjusted to incentivize and enable broadband deployment to rural areas and anchor institutions like hospitals, schools, and libraries. 297 In 2013, the FCC made up to $400 million available annually to aid broadband deployment to support telemedicine initiatives, 298 and in 2011 the FCC updated its Connect America Fund and intercarrier compensation regime to support networks that offer both basic voice and broadband service.
299 By tying broadband service to voice service for funding purposes, the FCC has 289 thus far passed judicial scrutiny, 300 but it is not clear what the future of the high cost programs will be as usage shifts more to broadband and potentially away from traditional voice service. The FCC's recent decision to reclassify broadband Internet access service as a Title II telecommunications service strengthens the Commission's authority under § 254 to modernize USF programs by applying them to broadband, even sometimes as a standalone product, but the actual rules implementing those changes have not been created yet. 301 In 2014, the Commission set new broadband connectivity targets for schools and libraries in addition to establishing new target expenditures for WiFi support, and later increased the E-rate cap from $2.25 billion to $3.9 billion to better meet the program's connectivity goals. 302 However, Commissioner Clyburn and Commissioner Rosenworcel have both pointed out that a lack of broadband connectivity at home will result in a persistent "homework gap" that will leave some students at a strong disadvantage. 303 This has made the topic of reforming subsidies for low-income households to gain greater traction among policymakers recently. 304 FCC Commissioner Mignon Clyburn has recommended reforms like including standalone broadband as a supported service for Lifeline customers, in addition to establishing minimum service standards for Lifeline providers, removing carriers' responsibility to determine customers' eligibility, implementing a streamlined approval process, instituting coordinated enrollment with other government benefits programs, and creating public-private partnerships to coordinate outreach efforts. 305 Shortly afterward, Commissioner Michael O'Rielly set forth his own principles for Lifeline reform, generally designed to limit the size of the program and implement more safeguards against abuse. 306 Outside of the FCC, other actors have been debating and taking action on reforming universal service mechanisms. 307 The California Public Utilities Com-mission has voted unanimously to include smartphone service with voice, text, and data capabilities in its state Lifeline program. 308 In the private sector, the Internet Innovation Alliance-a coalition whose members include AT&T, the American Conservative Union, and Alcatel-Lucent-recently called for updating the federal Lifeline program by bringing a new focus to support for broadband, distributing benefits through a voucher system, and determining eligibility through the government instead of providers.
309
A shift in technologies, and how many people are using those technologies, could also have tremendous impact on how payments travel into and out from universal service programs. 310 For example, as fewer people shift from services that pay into the USF and over to newer technologies that do not, the base of contributions has been shrinking while the need for greater deployment and adoption has not. 311 On this point the FCC recently asked the Federal-State Joint Board on Universal Service to make recommendations to modify the universal service contribution methodology. 312 It will be important to continue to evaluate which communities are being reached by universal service programs throughout technology transitions. Anchor institutions, rural areas, tribal lands, and urban and suburban areas all rely in some way on the existing funding mechanisms to remain connected to the up-to-date basic technologies. 313 Leaving these communities behind, intention-ally or not, in the transition would risk driving a wedge even further in the digital divide.
NONDISCRIMINATION POLICIES
As the Commission has explained, 314 net neutrality and other open Internet rules can themselves encourage more broadband deployment. 315 In the "virtuous cycle of innovation," new network functions lead to greater demand for improved broadband service, which leads to broadband infrastructure investment, which then leads to innovators developing more network functions. 316 However, if broadband providers could leverage their control over the last-mile infrastructure to prioritize some companies' traffic over others, broadband providers' incentive to invest in their infrastructure and market entrants' incentive to bring new data-intensive applications to market would be seriously threatened. 317 Similarly, policymakers understanding the use of data capacity thresholds ("data caps") is crucial to ensuring capacity limits do not create a disincentive to invest in networks. 318 If providers can place artificial limits on customers' capacity demands-and indeed profit from those limits-providers will have precious little incentive to invest in more robust networks that have even less 316 See id. at 13-14. 317 See In re Inquiry Concerning the Deployment of Advanced Telecommunications Capability to All Americans in a Reasonable and Timely Fashion, and Possible Steps to Accelerate Such Deployment Pursuant to Section 706 of the Telecommunications Act of 1996, as Amended by the Broadband Data Improvement Act, Comments of Public Knowledge, GN Docket No. 14-126, at 7-8, 9, 11 (Sept. 4, 2014) ("A company that controls broadband access and profits from charging consumers for video, voice, and data separately has an economic incentive to leverage that broadband access control to protect its other revenue streams."). 318 See id. at 4, 6.
support for municipal broadband efforts, 333 the Department of Commerce's National Telecommunication and Information Administration and the Department of Agriculture have announced new support, tactical assistance, and loan opportunities for new networks. 334 Finally, less traditional efforts like voluntary commitments by carriers to provide reasonably priced basic broadband service have resulted in more access for at least some portion of underserved populations. 335 For example, Comcast's Internet Essentials program offers basic broadband service for a base price of $9.95 per month. 336 Eligibility for the program is quite limited, as the program is only offered to participants: (1) within Comcast's existing footprint; (2) having at least one child eligible to participate in the National School Lunch Program; and (3) who are not recent Comcast customers or have outstanding debt due to Comcast. 337 Even within that portion of the population, adoption is a small fraction of the eligible population-for example, one recent estimate of Comcast's Internet Essentials program in California put adoption rates at 11% of eligible households. 338 Even though the service has slowly reached only some of the eligible subscribers who would otherwise not have broadband in their home, the service is worth examining for ways to improve access to households that currently do not have broadband service. 339 This type of program may not be workable with its current limitations to reach true universality on its own, but it could play at least some small part in getting more people online while policymakers pursue other approaches to encourage build-out and affordability. However, in the context of its proposed merger with Time Warner Cable, Comcast has bristled against proposals to strengthen the Internet Essentials service and improve adoption among eligible households. 340 If Comcast and other carriers decline to invest in improving the performance and efficacy of voluntary measures like Internet Essentials, it may not turn out to be a viable model to meaningfully improve adoption. 341 
CONCLUSION
As the network transitions in several different ways, policymakers have the challenge of seizing the opportunities presented by new technologies and preventing potential harms from network changes. We have already seen evidence that not every technological change will automatically be a step forward for everyone 342 -or even for most-so communications policy must continue to pursue universal, reliable, and affordable communications service. The technologies will inevitably change, and the services at issue may even upgrade as well, but the basic social needs remain the same. If policymakers examine and evaluate the tools the U.S. has used in the past to achieve universal service, they may find lessons and tools that can be useful in crafting policies to accomplish universal broadband service in the years to come. 
